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(54) Image forming apparatus and image forming method 



(57) In order to accurately correct environmental 
variation and aged variation of gamma characteristics, 
RGB tone data are color-converted to be formed as 
CMYK tone data, then a tone correction for improving 
gamma characteristics is performed on the CMYK tone 
data. The CMYK tone data after the tone correction are 
subjected to half -toning to be converted into half-tone 
data. On the basis of the half-tone data, an image is 
printed by an electrophotography process. A test image 



is printed at a predetermined timing. A sensor reads the 
test image. On the basis of a signal of the sensor, a cor- 
rection table for the tone correction is calculated by cor- 
rection table calculation. In the tone correction, 8-bit in- 
put tone data are converted into 10-bit corrected tone 
data. Since the tone correction is performed on CMYK 
data in place of RGB data and the bit number of tone 
data is extended from 8 bits to 10 bits by the tone cor- 
rection, the accuracy of improvement of gamma char- 
acteristics is enhanced. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image 
forming apparatus which may be applied to a printer, a 
copier, a facsimile receiving apparatus, or the like, and 
more particularly to a technique of correcting gamma 
characteristics of an image forming apparatus. 
[0002] The characteristics of an image forming appa- 
ratus vary in accordance with the environment including 
temperature, humidity and aged variation. Particularly, 
environmental variation and aged variation of gamma 
characteristics of an electrophotography process (i.e., 
relationships between a density value indicated by input 
image information and the corresponding density value 
of an output image) become problematic. 
[0003] In order to solve the problem, Japanese Patent 
Publication No. 8-6921 OA discloses an image reproduc- 
ing apparatus in which sample images that are called 
patch images and have different densities are printed 
as tests, and the densities of the RGB colors of each of 
the patch images that are formed on a sheet or a pho- 
tosensitive member are measured optically or electrical- 
ly. On the basis of results of the measurements, an ap- 
propriate one is selected from several kinds of gamma 
curves which are previously stored in a ROM for each 
of the RGB colors. The selected RGB gamma curves 
are used in gamma correction for the density level (tone 
level) of each of the RGB colors, in an image process 
preceding to an electrophotography process. 
[0004] The related apparatus uses gamma curves 
which are selected from the several previously prepared 
gamma curves, and hence gamma characteristics of the 
image forming apparatus can be made close to ideal 
characteristics. However, it is impossible to accurately 
match gamma characteristics with the ideal ones be- 
cause characteristics of an actual electrophotography 
process do not change in a manner strictly coincident 
with the previously prepared gamma curves. Further- 
more, plural gamma curves must be previously pro- 
grammed in the ROM. Therefore, the ROM is required 
to have a large capacity, so that the production cost of 
the apparatus is increased. 

[0005] In the related apparatus, gamma correction is 
applied on the input RGB tone levels. Usually, final print- 
ing on a sheet is performed by using coloring agents 
(typically, toners) of CMYK. Therefore, the RGB tone 
levels which have undergone gamma correction must 
be converted into the CMYK tone levels by performing 
color conversion. When color conversion is performed, 
however, there arises a problem in that the accuracy of 
the gamma correction is lowered. 

SUMMARY OF THE INVENTION 

[0006] Consequently, it is an object of the present in- 
vention to accurately correct environmental variation 



and aged variation of gamma characteristics of an im- 
age forming apparatus. 

[0007] It is another object of the present invention to 
provide to reduce a memory capacity required for cor- 
5 recting environmental variation and aged variation of 
gamma characteristics of an image forming apparatus. 
[0008] According to one aspect of the present inven- 
tion, tone correction for improving gamma characteris- 
tics of an image forming process is applied on an input 
10 tone level in a color system of a coloring agent that is 
used in image formation, to produce a corrected output 
tone level. By using the corrected output tone level, half- 
toning is performed to output a half-tone data. On the 
basis of the half-tone data, an image is formed by using 
is the coloring agent. 

[0009] According to this configuration, tone correction 
for improving gamma characteristics is performed on 
the tone level of the coloring agent color system (typi- 
cally, the CMY or CMYK color system) after color con- 
20 version. As compared with the related art in which the 
tone level of a color system such as RGB before color 
conversion is corrected, therefore, no influence due to 
color conversion is exerted and hence gamma charac- 
teristics can be- improved more accurately. 
25 [0010] In a preferred embodiment, a tone correction 
section extends an input tone level to an output tone lev- 
el the value resolution (the number of bits assigned to 
one color of one pixel) of which is higher than that otthe 
input tone level. When the value resolution of the input 
30 tone level has 8 bits (256 levels), for example, the input 
tone level is converted into an output tone level in which 
the value resolution is extended to 10 bits (1024 levels). 
According to this configuration, the accuracy of improve- 
ment of gamma characteristics is enhanced. 
3S [0011] In a preferred embodiment, a usual print mode 
in which an image to be seen by a human being is 
formed, and a test print mode in which a test image for 
measurement of the gamma characteristics is formed 
are used. In the test print mode, the optical density of 
40 the formed test image is measured, and tone correction 
information which is to be used by the tone correction 
section is produced from a measurement value by cal- 
culation. Since correction information is produced by 
calculation, the embodiment can improve gamma char- 
ts acteristics more accurately than the related art method 
in which an appropriate one is selected from plural sets 
of previously prepared correction information. Further- 
more, it is not required to previously prepare plural sets 
of correction information in a ROM or the like. Therefore, 
50 a ROM of a small capacity can be used. 

[0012] In a preferred embodiment, the value resolu- 
tion produced by half-toning in the test print mode is 
higher than that in the usual print mode. According to 
this configuration, screen lines of a screen for the test 
55 print mode can be made larger in number than those for 
the usual print mode (namely, the pitches of half-tone 
dots can be reduced), so that the test image can be en- 
hanced in sensitivity of the optical density with respect 
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to the tone level. As a result, highly accurate correction 
information can be produced and hence the accuracy of 
improvement of gamma characteristics is enhanced. 
[0013] In reflection of the above, in a preferred em- 
bodiment, different screens are used in half-toning of the 
test print mode and that of the usual print mode, and 
screen lines of the screen for the test print mode are 
larger, in number than those for the usual print mode. 
Moreover, the shape of half-tone dot on the screens is 
different in the test print mode and the usual print mode. 
In the test print mode, for example, used is a special 
screen having a high performance of measuring the op- 
tical density, such as a stripe screen in which fine lines 
are arranged in the subscahning direction. 
[0014] At least a part of the steps of the image forming 
method of the present invention can be implemented by 
a computer. Computer programs for such steps may be 
installed or loaded on a computer via various kinds of 
media such as a disk-type storage device, a semicon- 
ductor memory, and a communication network. 
[0015] In a preferred embodiment, the whole of the 
image forming method of the present invention is imple- 
mented in a single image forming apparatus (e.g., one 
printer). The invention is not restricted thereto. In a sys- 
tem comprising a host computer and a printer, for ex- 
ample, a part (e.g., the tone correction) of the steps of 
the image forming method of the present invention may 
be implemented by the host computer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] In the accompanying drawings: 

Fig. 1 is a block diagram showing the configuration 
of an embodiment of the present invention; 
Fig. 2 is a diagram showing the principle of tone cor- 
rection; 

Figs. 3A to 3C are diagrams showing an example 
of a pattern of growing haff-tone dots; 
Fig. 4A to 4C are views showing an example of haff- 
tone dots on a stripe screen; 
Fig. 5 is a diagram illustrating a method of preparing 
a tone correction table; 

Fig. 6 is a flowchart of tone correction and half-ton- 
ing; 

Fig. 7 is a diagram showing an example of a simple 
screen cell; and 

Fig. 8 is a diagram showing an example of the se- 
quence of growing a half-tone dot in the screen cell 
of Fig. 7. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Fig. 1 shows the functional configuration of 
main portions of a color image forming apparatus which 
is an embodiment of the present invention. 
[001 8] The color image forming apparatus 1 compris- 



es a color conversion section 3, a tone correction sec- 
tion 5 which is subsequent to the color conversion sec- 
tion, a half-toning section 7 which is subsequent to the 
tone correction section, a PWM (pulse width modula- 

5 tion) section 9 which is subsequent to the half-toning 
section, and a print engine 11 which is subsequent to 
the PWM section. The color image forming apparatus. 1 
further comprises a patch sensor 1 3, a correction table 
calculation section 15, and a tone correction table 17 

io stored in a nonvolatile memory. 

[001 9] The print engine 1 1 prints an image on a sheet 
by means of an electrophotography process using ton- 
ers of four colors or CMYK. The gamma characteristics 
of the print engine 11 are changed in accordance with 

is variation of the environment including the temperature 
and the humidity, and also with age. Therefore, the gam- 
ma characteristics of the whole of the image forming ap- 
paratus 1 must be always kept to be coincident with ideal 
ones irrespective of a change of the gamma character- 

20 istics of the print engine 11. To comply with this, the 
patch sensor 1 3, the correction table calculation section 
1 5, the tone correction table 1 7, and the tone correction 
section 5 are disposed. Hereinafter, the configuration of 
the embodiment will be described in more detail. 

25 [0020] In the same manner of a color conversion sec- 
tion of a color image forming apparatus of the related 
art, the color conversion section 3 converts RGB data 
indicative of tone levels of the RGB components of each 
pixel of an image, into CMYK data indicating tone levels 

30 of corresponding CMYK components. In the color con- 
version section 3, for example, input RGB data have 8 
bits (i.e., indicating 256 levels) per one color of one pixel, 
and also output CMYK data similarly have 8 bits (i.e., 
indicating 256 levels) per one color of one pixel. The 

35 CMYK data output from the color conversion section 3 
are supplied to the tone correction section 5. 
[0021] The tone correction section 5 performs tone 
correction on the CMYK data of each pixel and supplied 
from the color conversion section 3. Specifically, the 

40 tone correction section 5 refers the tone correction table 
17 which is previously registered in a nonvolatile mem- 
ory, and, in accordance with the tone correction table 
1 7, converts the input CMYK data of each pixel and sup- 
plied from the color conversion section 3, into corrected 

45 CMYK data indicative of corrected tone levels. As de- 
scribed above, this tone correction is performed with the 
objective of compensating a change of the gamma char- 
acteristics of the print engine 11 to always keep the gam- 
ma characteristics of the whole of the image forming ap- 

50 paratus 1 to ideal ones. 

[0022] Fig. 2 shows the principle of the tone correc- 
tion. In quadrant A of Fig. 2, ideal gamma characteristics 
21 are shown as an example. The abscissa of quadrant 
A shows the input tone level indicated by the input 

55 CMYK data, and the ordinate shows the value of the op- 
tical density (OD value) of an image printed on a sheet. 
In quadrant C in a diagonal position with respect to 
quadrant A, the gamma characteristics 23 (hereinafter, 
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referred to as screen gamma characteristics) which the 
print engine 11 (strictly speaking, including also the tone 
correction section 5 and the PWM section 9 shown in 
Fig. 1) actually has are exemplarily shown. The abscis- 
sa of quadrant C shows the OD value of an image to be 
printed on a sheet, and the ordinate shows the corrected 
tone level indicated by the CMYK data after the tone cor- 
rection. In quadrant B which exists between quadrants 
A and C, the tone correction table 17 for converting the 
input tone level of the abscissa into the corrected tone 
level of the ordinate is exemplarily shown. 
[0023] The tone correction performed by the tone cor- 
rection section 5 corresponds to conversion in which the 
input tone level / of each pixel is converted into the cor- 
rected tone level P of the pixel in quadrant B of Fig. 2 by 
using the tone correction table 17. The corrected tone 
level P of each pixel after the tone conversion is proc- 
essed by the half-toning section 7 shown in Fig. 1. A 
result of the process is supplied to the electrophotogra- 
phy process of the print engine 11 through the PWM sec- 
tion 9, with the result that an image is printed onto a 
sheet. The process from the half-toning to the printing 
corresponds to conversion in which the corrected tone 
level P of each pixel is converted into the OD value D of 
the printed image in accordance with the screen gamma 
characteristics 23. In the series of processes, when the 
tone correction table 1 7 is appropriately set with respect 
to the screen gamma characteristics 23 as in the exam- 
ple of Fig. 2, the relationships between the input tone 
level / and the OD value D of the printed image (i.e., the 
gamma characteristics of the whole of the image form- 
ing apparatus 1 ) coincide with the ideal gamma charac- 
teristics 21 shown in quadrant A. 
[0024] In the tone correction described above, as 
shown in Figs. 1 and 2, the input CMYK data have, for 
example, 8 bits (256 levels) per one color component of 
one pixel. When the data are gray-scale converted, the 
corrected CMYK data after the conversion have, for ex- 
ample, 10 bits (1024 levels) per one color component of 
one pixel. As seen from the description below, the in- 
creased number of tone levels (value resolution) of im- 
age data after the tone conversion as compared with 
those of the input image data contributes to production 
of the tone correction table 1 7 of an excellent accuracy 
so as to attain ideal gamma characteristics at a high ac- 
curacy. 

[0025] Referring again to Fig. 1 , the configuration of 
the rear stage of the tone correction section 5 will be 
described. 

[0026] The half-toning section 7 receives the correct- 
ed CMYK data which have undergone the tone correc- 
tion and which have 10 bits (1024 levels) per one color 
of one pixel, and converts the 10-bit data into 8-bit data 
while causing the eyes of a human being to sense as if 
the 1024 tone levels are maintained. As techniques for 
the half-toning, various techniques such as the error dif- 
fusion method, the dither method, and the screen meth- 
od are known. In an electrophotography process, the 



screen method is preferably used in which a half-tone 
dot (a dot or a cluster of plural dots) is grown in a pre- 
determined pattern as the density is made higher. Fig. 
3 briefly shows the manner of growing half-tone dots 31 
5 by the screen method in accordance with increase of 
the density. Figs. 3A, 3B and 3C exemplarily show the 
half-tone dots 31 in the case of a low density, an inter- 
mediate density and a high density, respectively. 
[0027] The half-tone CMYK data which are output 
10 from the half-toning section 7 and which have 8 bits per 
one color of one pixel indicate in 256 levels the dot sizes 
of the toners of each of the CMYK colors which are to 
be attached to pixels so as to form a half-tone dot. In 
half -toning of an image forming apparatus of the related 
*s art, usually, the bit number of data is reduced to about 
2 bits (the dot size: 4 levels) per one color of one pixel. 
By contrast, in half-toning of the embodiment, 8-bit data 
which express the dot size in 256 levels are used. This 
is performed in order to increase the number of screen 
20 lines (the reciprocal of the pitch P of the half-tone dots 
31 shown in Fig. 3, i.e., the degree of the fineness of the 
half-tone dots). When the dot size of one pixel is ex- 
pressed in 4 levels in the same manner as the related 
art, a region of a matrix of 16 x 16 pixels is required in 
25 order to express 1 024 tone levels indicated by 1 0-bit da- 
ta from the tone correction section 5. The dimension of 
the matrix substantially corresponds to the pitch P (see 
Fig. 3) of the half-tone dots. When the print engine 11 
has the resolution of 600 [dpi] (dot per inch), therefore, 
30 the screen frequency is 600 + 16 = 37.5 [lpi](line per 
inch). Namely, the half-tone dots are considerably 
rough. By contrast, in the embodiment, the dot size is 
expressed in 256 levels. Consequently, a region of a 
matrix of 2 X 2 pixels is sufficient for expressing 1024 
55 tone levels indicated by the CMYK data from the tone 
correction section 5. In the case of the resolution of 600 
[dpi], therefore, the screen frequency is 600 -s- 2 = 300 
[Ipi], and, in the case of 300 [dpi], the screen frequency 
is 300 -s- 2 = 1 50 [Ipi]. Namely, the half-tone dots are very 
fine. Usually, the screen frequency of about 1 50 [Ipi] is 
sufficient for the eyes of a human being. In usual printing 
(printing of an image which is to be seen by a human 
being), therefore, half-toning may be performed at the 
screen frequency of at least about 150 [Ipi]. The half- 
45 toning section 7 of the embodiment can realize a higher 
screen frequency or 150 to 300 [Ipi]. In this way, half- 
toning is performed at the screen frequency which is 
higher than that required in usual printing, in consider- 
ation of printing of a patch image that will be described 
so later in detail. A patch image is printed in order to meas- 
ure the screen gamma characteristics 23 shown in 
quadrant C of Fig. 2. As the screen frequency in printing 
of a patch image is higher, the sensitivity of the OD value 
of the printed patch image with respect to a change of 
5S the input tone level is higher (namely, the OD value 
changes more sensibly). When a patch image is printed 
at the screen frequency which is higher than that re- 
quired in usual printing, therefore, the screen gamma 
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characteristics 23 can be correspondingly measured 
more accurately, so that the tone correction table 1 7 of 
high accuracy can be prepared. As a result, gamma 
characteristics of usual printing can be accurately cor- 
rected to ideal ones. 5 
[0028] The half-toning section 7 may always perform 
half-toning at such a high screen frequency, in both 
printing of a patch image and usual printing. In the em- 
bodiment, however, half-toning is not performed in this 
way. Namely, only when a patch image is to be printed, 10 
half-toning is performed at such a high screen frequen- 
cy, and, in usual printing, half-toning is performed at a 
lower screen frequency which is required in the usual 
printing, i.e., a screen frequency of about 150 [Ipi]. It is 
assumed that the screen frequency in usual printing is 1$ 
150 [Ipi]. When the engine 11 has a resolution of, for 
example, 600 [dpi], tones of a required number can be 
expressed by a matrix of 4X4 pixels, and, when the 
resolution is 300 [dpi], tones of a required number can 
be expressed by a matrix of 2 X 2 pixels. In printing of 20 
a patch image, in order to enhance of the accuracy of 
the tone correction, the required tone number is set to 
1024 as described above. However, usual printing can 
be sufficiently performed at 256 scale levels. In usual 
printing, therefore, the bit number of CMYK data output 25 
from the half-toning section 7 may be set in the following 
manner. In the case of 600 [dpi], for example, the bit 
number is about 256 -s- (4 X 4) = 16 levels = 4 bits, and, 
in the case of 300 [dpi], the bit number is about 256 * 
(2 X 2) = 64 levels = 6 bits. 30 
[0029] The half-toning section 7 may use a screen 
having a half-tone dot growing pattern such as shown 
in Figs. 3A to 3C, in both printing of a patch image and 
usual printing. In the embodiment, however, such a 
screen is not used. Namely, when a patch image is to 3S 
be printed, a special screen which is formed so as to 
enhance the detection accuracy of the screen gamma 
characteristics is used. An example of such a special 
screen is a stripe screen such as shown in Figs. 4A to 
4C in which half-tone dots 41 in the form of line seg- 40 
ments are arranged in the subscanning direction (sheet 
feeding direction). Such a screen is hardly affected by 
mechanical feeding variations in the image forming 
process, and hence the detection accuracy of the 
screen gamma characteristics is excellent. 45 
[0030] The CMYK data of pixels which are obtained 
as a result of the half-toning are supplied to the PWM 
section 9. As described above, the CMYK data which 
are supplied to the PWM section 9 and have undergone 
the half-toning indicate the sizes of the toners of the so 
CMYK colors which are to be attached to pixels. By us- 
ing the half-tone CMYK data, the PWM section 9 pulse- 
width-modulates exposing laser pulses of the CMYK 
colors in the print engine 11 . As a result, in the print en- 
gine 11 , images of four colors or CMYK which are re- ss 
spectively expressed by sets of half-tone dots are 
formed. The images of four colors -are transferred in the 
form of a color image onto a sheet with being superim- 



posed one another. 

[0031] As seen from the above description, the print 
modes of the image forming apparatus 1 include the 
usual print mode and the patch image print mode (test 
print mode). In the usual print mode, in the case where 
the image forming apparatus 1 is a terminal printer of a 
computer system, the apparatus receives image infor- 
mation from the host computer and then prints the im- 
age, and, in the case where the apparatuses a copier, 
the apparatus reads an original which is set by the user 
and then prints the image. By contrast, in the test print 
mode, the image forming apparatus 1 prints a patch im- 
age which is previously prepared in order to measure 
the screen gamma characteristics 23 shown in quadrant 
C of Fig. 2. The data of the patch image are programmed 
in a ROM or the like of the image forming apparatus 1 
(alternatively, in the case of a terminal printer, data of 
the patch image may be sent from the host computer, 
or, in the case of a copier, the user may set an original 
bearing the patch image). 

[0032] The patch image is a color image which uses 
all kinds of toners of CMYK, and contains many different 
tone levels ranging from the minimum value to the max- 
imum one for each of CMYK, and in which relationships 
among the tone levels of CMYK and places in the image 
are predetermined. An image containing all of 1 024 tone 
levels for each of CMYK, such as that which uses all of 
dot patterns of 1 024 tone levels that can be output from 
the half -toning section 7 may be used as the patch im- 
age. In the embodiment, however, a patch image is used 
in which the tones are roughened to one fourth of 1024 
tone levels, namely, 256 tone levels. Specifically, the 
patch image used in the embodiment contains, for each 
of CMYK, 256 tone levels from the tone value of 0 cor- 
responding to the minimum density to the tone value of 
255 corresponding to the maximum density. 
[0033] In the test print mode, the patch sensor 1 3 and 
the correction table calculation section 1 5 shown in Fig. 
1 operate. The patch sensor 1 3 is an optical sensor 
which is incorporated into the print engine 11, arid opti- 
cally reads a patch image which is formed as a toner- 
developed image on a sheet or a transfer medium by 
the print engine 11. Alternatively, the patch sensor 13 is 
a potential sensor which is incorporated into the print 
engine 11, and electrically reads a patch image which 
is formed as an electrostatic latent image on a photo- 
sensitive member by the print engine 11. In the case 
where a patch image is actually printed onto a sheet, an 
output signal of the patch sensor 1 3 indicates values 
which respectively reflect OD values in various places 
(having various different tone levels) of the printed patch 
image. The output signal is supplied to the correction 
table calculation section 15. 

[0034] On the basis of the output signal of the patch 
sensor 13, the correction table calculation section 15 
first estimates by calculation the OD value of a printed 
image for each of CMYK. The printed image is obtained 
in the case where an image having the same tone levels 
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as various ones of the patch image is printed in the usual 
print mode. This estimation of the OD value with respect 
to various tone levels is exactly identical with that of the 
screen gamma characteristics 23 shown in quadrant C 
of Fig. 2. Next, by using the estimated screen gamma 
characteristics 23, the correction table calculation sec- 
tion 15 calculates the tone correction table 17 such as 
shown in quadrant B of Fig. 2. The previous tone cor- 
rection table 17 which has been registered in the non- 
volatile memory of the image forming apparatus 1 is 
cleared away, and the calculated tone correction table 
17 is newly registered in the nonvolatile memory. 
[0035] Fig. 5 shows a specific example of the method 
of calculating the tone correction table 17. 
[0036] A table 51 which shows the ideal gamma char- 
acteristics 21 (quadrant A of Fig. 2) is previously pro- 
grammed in a ROM or the like, for each of CMYK. As 
described above, the correction table calculation sec- 
tion 15 estimates the screen gamma characteristics 23 
for each of CMYK on the basis of the signal from the 
patch sensor 13, and prepares a table 53 which indi- 
cates the characteristics, on a memory. (Fig. 5 shows 
portions corresponding to only one color in the tables 
51 and 53.) As illustrated, in the ideal gamma charac- 
teristic table 51 , output OD values (column B) are written 
with respect to an input tone level of 256 steps (8-bit 
word) (column A). By contrast, in the screen gamma 
characteristic table 53, output OD values (column D) are 
written with respect to an input tone level of 1024 steps 
(10-bit word) (column C). In the embodiment, as de- 
scribed above, the patch image contains a tone level of 
256 steps in place of 1 024 steps. Therefore, interpola- 
tion is performed on the value of the read signal of the 
256 tone levels to estimate an OD value with respect to 
the 1024 tone levels, thereby preparing the screen gam- 
ma characteristic table 53 shown in Fig. 5. Next, the cor- 
rection table calculation section 1 5 reads output OD val- 
ues from column B of the ideal gamma characteristic 
table 51 , and, as indicated by the arrows 55, finds output 
OD values which are respectively equal to the read out- 
put OD values from column C of the screen gamma 
characteristic table 53. Input tone levels (10-bit words) 
corresponding to the found output OD values are read 
from column D of the screen gamma characteristic table 
53. As indicated by the arrows 57, the found output OD 
values are registered in column E (output tone levels) 
of the tone correction table 17. Gray scale levels of 256 
steps (8-bit words) which are identical with those of col- 
umn A of the ideal gamma characteristic table 51 are 
previously registered in column F (input tone levels) of 
the tone correction table 17. The tone levels which are 
read from the screen gamma characteristic table 53 are 
registered in column E in correspondence with all of the 
256 tone levels 8-bit words) of column F t thereby com- 
pleting the tone correction table 1 7. The newly complet- 
ed tone correction table 17 is replaced with the existing 
tone correction table 17 in the nonvolatile memory. 
[0037] In the tone correction table 17, the input tone 



levels have 8 bits and the output tone levels have 10 
bits. By using the tone correction table 17, the tone cor- 
rection section 5 of Fig. 1 converts the 8-bit tone level 
for each of CMYK supplied from the color conversion 
5 section 3, into a 1 0-bit tone level which is gray-scale cor- 
rected, and sends the tone-corrected bit tone level to 
the half -toning section 7. The corrected tone level which 
is sent from the tone correction section 5 to the half- 
toning section 7 is exactly identical with the corrected 
10 tone level /'which is given from quadrant B of Fig. 2 to 
quadrant C. The corrected tone level /'can express 1 024 
levels by using 10 bits. As seen from Fig. 2, this means 
that the screen gamma characteristics 23 can be accu- 
rately corrected. Therefore, the ideal gamma character- 
's jstics 21 can be accurately realized. 

[0038] Fig. 6 shows the flow of the operation of the 
tone correction section 5 and the half -toning section 7. 
[0039] The tone correction section 5 receives an 8-bit 
tone level of each of CMYK of each pixel, from the color 
20 conversion section 3 (step S1 ). The received tone level 
is converted into a tone-corrected 10-bit tone level in 
accordance with the tone correction table 17 which cor- 
responds to the respective color plane of CMYK (S2). 
[0040] Next, the half-toning section 7 receives the 
25 tone-corrected 10-bit tone level of each pixel for each 
of CMYK, and first determines the position of each pixel 
in the image (S3). The half-toning section 7 thereafter 
determines the pixel number in a screen cell, from the 
pixel position in the image (S4). A screen cell is a section 
30 of plural pixel regions in which a single half-tone dot is 
to be grown. Fig. 7 shows the simplest example of a 
screen cell. The screen cell 71 consists of five pixels 
which are arranged in a cross shape. Pixel numbers #1 
to #5 are allocated to the pixels. In a process of half- 
35 toning, such screen cells are virtually arranged in the 
form of tiles on the image, and, for the region of each of 
the screen cells, a dot corresponding to the tone level 
of the region is formed. In step S4 described above, this 
process is performed, that is, it is determined to which 
40 pixel in the screen cells, which are arranged as tiles on 
the image, each pixel of the image corresponds, or the 
pixel number is determined. 

[0041] For each color of CMYK t thereafter, the half- 
toning section 7 determines the pulse width of a laser 

45 beam for a dot which is to be attached to each pixel so 
as to form a half-tone dot corresponding to the tone lev- 
el, from the pixel number of each pixel in the screen cell 
which is determined in step S4, and the corrected tone 
level of each pixel which is received from the tone cor- 

50 rection section 5 (S5). It is assumed that, in the screen 
cell 71 shown in Fig. 7, a half-tone dot growing pattern 
such as shown in Fig. 8 is employed. Referring to Fig. 
8, each of rectangular regions which are obtained by di- 
viding one pixel into four regions constitutes the mini- 

55 mum section of the dot size (i.e., the dot size of one pixel 
can be changed in four steps). As the tone level.(density) 
is higher, the dot is gradually enlarged (the half-tone dot 
is grown) in the sequence of the illustrated numbers of 
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1 to 20. In this example, in a low-density region, the dot 
is grown only in pixels #1 and #3, and, in an intermediate 
density, the dot is expanded into pixel #2. When the den- 
sity is made higher, the dot is expanded into pixel #4 
and then into pixel #5. In this way, the size of the dot 
constituting the half-tone dot, and the place of the dot in 
the pixel vary depending on the pixel number and the 
tone level. In step S5 described above, for each pixel, 
the pulse width of a laser beam for drawing a dot corre- 
sponding to the pixel number and the tone level is de- 
termined. 

[0042] The tone correction section 5 supplies a signal 
indicative of the thus-determined laser pulse width for 
each pixel for each color plane of CMYK, to the PWM 
section 9 (S6). The. above-described steps are per- 
formed on all pixels in the image (S7). 
[0043] As described above, the half-toning section 7 
in the embodiment uses the different screens in the usu- 
al print mode and the test print mode. In the usual print 
mode, for example, a screen having a screen cell such 
as shown in Fig. 7 is used* and the dot size of one pixel 
is expressed by 6 bits so as to be variable in about 50 
steps, thereby enabling 256 tone levels to be repro- 
duced. By contrast, in the test print mode, for example, 
a stripe screen in which fine lines are arranged in the 
subscanning direction and in which one screen cell is 
configured by four pixels is used in order to enhance the 
detection accuracy of the gamma characteristics, and 
the dot size of one pixel is expressed by 8 bits so as to 
be variable in 256 steps, thereby enabling 1 024 tone lev- 
els to be reproduced. In this way, the usual print mode 
and the test print mode use different screens, and hence 
the above-described processes of steps S4 and S5 of 
Fig. 6 have different contents in accordance with the re- 
spective screens. 

[0044] In the above, an embodiment of the present in- 
vention has been described. The embodiment is used 
as an example for description of the present invention. 
It should be understood that the present invention is not 
restricted to the embodiment Therefore, the present in- 
vention can be implemented also in various manners 
other than the embodiment. 



Claims 

1. An image forming apparatus for forming an image 
based on half-tone data with a coloring agent, com- 
prising: 

a tone correction section for receiving input 
tone level data with regard to a color system of 
the* coloring agent, and for applying a tone cor- 
rection for compensating gamma characteristic 
variation of the image forming device with re- 
spect to the input tone level data to generate 
output tone level data corrected by the tone cor- 
rection; and 



a half-toning section for applying a half-toning 
with respect to the output tone level data to gen- 
erate the half-tone data. 

5 2. The image forming apparatus as set forth in claim 
1 , wherein the number of tone levels contained by 
the output tone level data is greater than that of the 
input tone level data. 

10 3. The image forming apparatus as set forth in claim 
1 , further comprising: 

a correction information generating section 
for measuring an optical density of a test, image 
printed in a test printing operation to obtain the gam- 

*s ma characteristics of the image forming apparatus, 
and for generating tone correction information to be 
utilized by the tone correction section. 



4. The image forming apparatus as set forth in claim 
20 3, wherein the correction information generating 
section generates the tone correction information 
from the optical density of the test image by calcu- 
lation. 

25 s. The image forming apparatus as set forth in claim 
3, wherein the half-tone data is generated such that 
a bit number thereof assigned to one pixel of one 
color in the test printing operation is greater than 
that in a usual printing operation for printing an im~ 

30 age to be appreciated. ~ 

6. The image forming apparatus as set forth in claim 
3, wherein the half-toning section applies the half- 

; toning with a screen method using different screens 
35 in the test printing operation and in a usual printing 
operation for printing an image to be appreciated, 
and 

wherein the screen frequency of the screen 
used in the test printing operation is greater than 
40 that used in the usual printing operation. 

7. An image forming apparatus for compensating var- 
iation of gamma characteristics thereof by a tone 
correction, comprising: 

45 

a usual printing operation for printing an image 
to be appreciated; 

a test printing operation for printing a test image 
for obtaining gamma characteristics of the im- 
50 age forming apparatus; 

a correction information generating section for 
measuring an optical density of the test image 
to generate tone correction information by cal- 
culation; 

ss a tone correction section for applying the tone 

. correction with respect to input tone level data 
using the tone correction information to gener- 
ate output tone level data in both of the usual 
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printing operation and the test printing opera- 
tion; and 

a half-toning section for applying a half-toning 
with respect to the output tone level data to gen- 
erate half-tone data to be used for the image s 
forming. 

8. An image forming apparatus for compensating var- 
iation of gamma characteristics thereof by a tone 
correction, comprising: 10 

a usual printing operation for printing an image 
to be appreciated; 

a test printing operation for printing a test image 
for obtaining gamma characteristics of the im- is 
age forming apparatus; 

a correction information generating section for 
measuring an optical density of the test image 
to generate tone correction information; 
a tone correction section for applying the tone 20 
correction with respect to input tone level data 
using the tone correction information to gener- 
ate output tone level data in both of the usual 
printing operation and the test printing opera- 
tion; and 25 
a half-toning section for applying a half-toning 
with respect to the output tone level data to gen- 
erate half-tone data to be used for the image 
forming, 

wherein a bit number, which is assigned to one 30 
pixel of one color, of the half-tone data output- 
ted from the half-toning section in the test print- 
ing operation is greater than that in the usual 
printing operation. 

35 

9. An image forming apparatus for compensating var- 
iation of gamma characteristics thereof by a tone 
correction, comprising: 

a usual printing operation for printing an image 40 
to be appreciated; 

a test printing operation forprinting a test image 
for obtaining gamma characteristics of the im- 
age forming apparatus; 

a correction information generating section for 45 
measuring an optical density of the test image 
to generate tone correction information by cal- 
culation; 

a tone correction section for applying the tone 
correction with respect to input tone level data so 
using the tone correction information to gener- 
ate output tone level data in both of the usual 
printing operation and the test printing opera- 
tion; and 

a half-toning section for applying a half-toning ss 
with respect to the output tone level data to gen- • 
erate half-tone data to be used for the image 
forming with a screen method using different 



screens in the test printing operation and in the 
usual printing operation, 

wherein the screen frequency of the screen 
used in the test printing operation is greater 
than that used in the usual printing operation. 

10. An image forming method applied to an image form- 
ing apparatus for forming an image based on half- 
tone data with a coloring agent, comprising the 
steps of: 

obtaining input tone level data with regard to 
color system of the coloring agent; 
applying a tone correction for compensating 
gamma characteristic variation of the image 
forming device with respect to the input tone 
level data to generate output tone level data; 
applying a half-toning with respect to the output 
tone level data to generate the half-tone data. 

11. The image forming method as set forth in claim 10, 
wherein the tone correction is applied such that the 
number of tone levels contained by the output tone 
level data is greater than that of the input tone level 
data. 

12. The image forming method as set forth in claim 10, 
further comprising the steps of: 

measuring an optical density of a test image 
printed in a test printing operation to obtain the 
gamma characteristics of the image forming 
apparatus; and 

generating tone correction information to be uti- 
lized in the step of applying the tone correction. 

13. The image forming method as set forth in claim 12, 
wherein the tone correction information is generat- 
ed from the optical density of the test image by cal- 
culation. 

14. The image forming method as set forth in claim 12, 
wherein the half-tone data is generated such that a 
bit number thereof assigned to one pixel of one 
color in the test printing operation is greater than 
that in a usual printing operation for printing an im- 
age to be appreciated. 

15. The image forming method as set forth in claim 12, 
wherein the half-toning is applied with a screen 
method using different screens in the test printing 
operation and in a usual printing operation for print- 
ing an image to be appreciated, and 

wherein the screen frequency of the screen 
used in the test printing operation is greater than 
that used in the usual printing operation. 

1 6. An image forming method applied to an image form- 
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ing apparatus for compensating variation of gamma 
characteristics thereof by a tone correction which 
comprises a. usual printing operation for printing an 
image to be appreciated, and a test printing opera- 
tion for printing a test image for obtaining the gam- s 
ma characteristics, comprising the steps of: 



measuring an optical density of the test image; 
generating tone correction information from the 
optical density by calculation; 
applying the tone correction with respect to in- 
put tone level data using the tone correction in- 
formation to generate output tone level data in 
both of the usual printing operation and the test 
printing operation; and 

applying a half-toning with respect to the output 
tone level data to generate half-tone data to be 
used for the image forming. 

1 7. An image forming method applied to an image form- 
ing apparatus for compensating variation of gamma 
characteristics thereof by a tone correction which 
comprises a usual printing operation for printing an 
image to be appreciated, and a test printing opera- 
tion for printing a test image for obtaining the gam- 
ma characteristics, comprising the steps of: 

measuring an optical density of the test image; 
generating tone correction information from the 
optical density by calculation; 
applying the tone correction with respect to in- 
put tone level data using the tone correction in- 
formation to generate output tone level data in 
both of the usual printing operation and the test 
printing operation; and 

applying a half-toning with respect to the output 
tone level data to generate half-tone data to be 
used for the image forming such that a bit 
number thereof assigned to one pixel of one 
color in the test printing operation is greater 
than that in the usual printing operation. 

18. An image forming method applied to an image form- 
ing apparatus for compensating variation of gamma 
characteristics thereof by a tone correction which 
comprises a usual printing operation for printing an 
image to be appreciated, and a test printing opera- 
tion for printing a test image for obtaining the gam- 
ma characteristics* comprising the steps of: 

measuring an optical density of the test image; 
generating tone correction information from the 
optical density by calculation; 
applying the tone correction with respect to in- 
put tone level data using the tone correction in- 
formation to generate output tone level data in 
both of the usual printing operation and the test 
printing operation; and 



applying a half-toning with respect to the output 
tone level data to generate half-tone data to be 
used for the image forming with a screen meth- 
od using different screens in the test printing 
operation and in the usual printing operation, 
wherein the screen frequency of the screen 
used in the test printing operation is greater 
than that used in the usual printing operation. 

io 19. A computer-readable recording medium for record- 
ing a program causing a computer to execute an 
image forming method applied to an image forming 
apparatus for forming an image based on half-tone 
data with a coloring agent, comprising the steps of: 

obtaining input tone level data with regard to 
color system of the coloring agent; 
applying a tone correction for compensating 
gamma characteristic variation of the image 
forming device with respect to the input tone 
level data to generate output tone level data; 
applying a half-ton ing with respect to the output 
tone level data to generate the half-tone data. 

20. The computer-readable recording medium as set 
forth in claim 19, wherein the tone correction is ap- 
plied such that the number of tone levels contained 
by the output tone level data is greater than that of 
the input tone level data. 

21. The computer-readable recording medium as set 
forth in claim 20, the image forming method execut- 
ed by the program further comprising the steps of: 

measuring ah optical density of a test image 
printed in a test printing operation to obtain the 
gamma characteristics of the image forming 
apparatus; and 

generating tone correction information to be uti- 
lized in the step of applying the tone correction. 

22. The image forming method as set forth jn claim 21 , 
wherein the tone correction information is generat- 
ed from the optical density of the test image by cal- 

4S culation. 
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S 1: read tone level of next pixel 

S2: obtain corrected tone level using tone correction table of corresponding color 

S3; determine pixel position 

S4: determine pixel number in screen cell based on pixel position 

S5: determine pulse width of each pixel for forming half-tone dot based on pixel number and corrected 

tone level 

56: output pulse width signal 

S7; all pixel are processed? 
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